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L 3K 
MEF		 KDM5D	 H3K4R".4, 
 
YS;Z
Åƪ$BN!oN&óēŰ 5 YēŰ! XēŰ%$
22 â%çēŰ8üÔƖ¬%I_nƗ­8§Ɛċ5$0Ơ73
63%ó¯Ɵ &Ń#5ƕÙŅļ8Ŏl>NŨŀĐŠŞűŚũ 
(MEF) &ƕÙ%ęŪ8Żđ5ƣ%W{v!èéĿ365MEF
$0ŀĐ5Ũ%ó¯$ÚƕÙ%Ņļ$ó¯ĹŃņ#æ
Ƃ/365!Ŧ
365638şţņ$ŻđÏÂ&ĵ
 BN2(oNŀĐMEF%ZtyNFugZ{n8ğƍ5/$Ě
L{F@yK{8Ŀ RNAL{F@yNŻđ8Ŵ%śĒoN!
ğƍBNŀĐ%MEF &cNZyūoUv¶ƙŘ 5 KDM5D8Á
. 27 %ƕÙ%Ņļ~Ć7 %ƕÙ%Ņļ,
Encyclopedia of DNA Elements (ENCODE) Żđ%Y{Sh{N8ºĶ-5!
63%	 15 ƕÙ%Ņļ&cNZyƫ 5 H3K4me1 ! H3K4me3
$2°ð6ï5!ć3!#3$BN%MEF KDM5D
8_VFT>y5! H3K4%oUv¶~Ć6$ƕÙŅļ
Ò¶5!8ź«63%śĒ&BNŀĐ%MEF$KDM5D
$2 H3K4 %ūoUv¶ó¯ĹŃņ#ƕÙŅļ8ƄŖ5!8ŎÆ
5 #MEF 8ĿŊŐ$ó¯$25ZtyNFugZ{n%ô
Ï8ÿï50% 5 
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YQ<Z
cZ &Łó!Õó&ŗ 2}ŏƪ%SybFƉ8J{[5ƕÙ8§ċ
5 (1)6$0Ơ73ó%ľĸÛņ#æŃó¯ĹŃņ#ƕń
#"$á5!ÏÂ65 (2)Ýƭµĸ$0Ɔ#"%Ŷ
ļË$BN!oN æƂ/365 (3-5)ó¯&óēŰ 5 YēŰ%
ċĵ$24ĢÜ65 (6, 7) !3YēŰ%ƕÙó¯$25Ŷļ
Ë%ƛŹ#ĢÜÈÙ 5!Ŧ
365 
cNZySybFƉ%uMyĜÎ%oUv¶&ňĔľĸ%ƌ©$ƛ
Ź#ì³8ĒŤſíƫ 4 (8, 9)cNZy H3% 4łŇ%uMy%p
_oUv¶ (H3K4me1)MoUv¶ (H3K4me2)ZuoUv¶ (H3K4me3) 1
63%ūoUv¶&ƕÙŅļ$Ò¶803 (10)
'H3K4me1 &
ƌ©ħó¶6ƕÙ%@y`yK{1gxp{S{%Ǝ $Óź36
(11)H3K4me22( H3K4me3&ƌ©ƞ×Ɩ$-365 (10, 12)|Ąu
MyĹŃņūoUv¶ƙŘ (LSD1) 1 Jumonji C [o=yÁċuMyĹŃņū
oUv¶ƙŘ (KDM5) e:mu{&H3K4 8ūoUv¶ƌ©8ù°5
(15, 16)KDM5D (¯À: SMCY, JARID1D) &YēŰ$Ţ@dI_n
°ð$Ơ5 (17)ĊƎ%ŊŐ3KDM5D%Ņļ%ĭå RNAgxPL
yG1SybFƉ¾ø8±ŒŭDyŚũ%Ñĝ1;kZ{LN%ĭ
å8ƃä5!ÏÂ65 (18-20)63%!3KDM5D &
H3K4me2 2( H3K4me3 %ūoUv¶8BNĹŃņ#ęŪ8Ē
5!Ŧ
365|ĄH3K4me1 &@y`yK{ƩÌ -365Ý
ƣ$@y`yK{%ħó8°ð5%&ć#,, 5 (21, 22) 
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l>NŨŀĐŠŞűŚũ (MEFs) &ƕÙĀÒl>N$5ŶļË%
Îō!#5ƕÛņ¬ÙľĸÛņ2(ľ¶Ûņ#oC]On8ŊŐ5
%$ċĿ#pYv 5 (23)ļÉMEF & ES Śũ%Č¬¶ĺ÷8Şü5
/%e<{T{Śũ (24) 1ƕÙęŪ8Ƅ*5/%W{v!Ŀ3
65 (25)%2	$ŊŐ$èéĿ365MEF$0BN,
&oN%l>NŨ3ƄŸ65/ĲÉņ$ľĸÛņ#óæÚÉ
5!Ŧ
365 
čŊŐ &RNAL{HyN$24BN2(oNŀĐ%MEF%Zty
NFugZ{n8ğƍBNĹŃņ# KDM5D 8Á.ó¯Ɵ%ŅļÒµƕ
Ù8¿Ü,ENCODE Żđ%Y{Sh{N8ºĶ5!$2
¿Ü6ŅļÒµƕÙ%&H3K4me3H3K4me1H3K27Ac %
cNZyƫ$24Ņļ°ð6ï5!ŎÆ63$H3K4me3
! H3K4me1% 2%oUv¶&BNŀĐ%MEF KDM5D8_VFT>y
5! ~Ć~Ə%ƕÙ%Ņļ$Ò¶80363%Ņź&
KDM5DBN2(oNŀĐ%MEFƟ$5óĹŃņ#ƕÙŅļ8Ƅ
Ÿ5!8ŎÆ5 #MEF 8ŊŐ$Ŀ5ƣ%ƕÙęŪ2
(Śũòŕ%Îō!#5ôÏ8ÿï50% 5 
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Y=9:CZ
6'
>@NSyfxX<yG$& anti-Histone H3 ú  (Cell Signaling 
Technology, #4499)anti-H3K4me1 ú  (Cell Signaling Technology, #5326)
anti-H3K4me2 ú  (Cell Signaling Technology, #9725) anti-H3K4me3 ú 
(Abcam, ab8580)8Ŀ 
 
MEFAJ 
BN2(oNŀĐ% MEF 8ĘŒ5/$ÖØ 13 ąŇ% C57BL/6 l
>N8Fw;zMqby3Ɗ¤MEF&ĂĻ8ºŦ (25, 26) $ÖØ 14
ąŇ%l>NŨ3¸Ƥ10Ʈ >LŨųĬ (Gibco) 2( 100 U%i]
Luy /NZwgZl=Ly  (Sigma) 8Á.TvhVJĀÒ={GvÍÊ 
(Nacalai Tesque)  ÍƬ 
 
7) MEF5+*2 
I_n DNA &Ƙƚ;yp]>nĤ û«ƄŸMEF8ıŻ
aVe:{ [50 mM Tris-HCl (pH 7.6), 100 mM NaCl, 20 mM EDTA (pH 8.0), 1% 
[YLvŋƚ\Zu>n, 100 µg gxX=\{Q K] 8Ŀ55 2ĈƟı
Ż%í RNaseA (Sigma) 8´
37%=yErh{S{ 1ĈƟ»ò
7.5 M%Ƙƚ;yp]>n$2ƢSybFDNA8 100Ʈ=Rg
xdv;vJ{v ģĞ70Ʈ@S_{v ĦĨ ňőķíDNA
8 TEšŵĩ[10 mM Tris-HCl (pH 8.0), 1 mM EDTA]$ıŻMEF%ó¯&
 20 
Sry 2( Hprt %I_n8ĕ«5 PCR ®¯û«I_n DNA!
gt=l{8Ŀ»òĩ [2 mM 10x Ex-Taq buffer (with Mg2+), 0.8 mM dNTP 
Mixture, 0.5 U TaKaRa Ex-Taq]  PCR»ò 
Sry 2( Hprt %I_n~%Jd{ā&SYBR Green PCR Master Mix ! 
Thermal Cycler Dice Real Time System (TaKaRa Bio) 8Ŀ real-time PCR ĕ
«ï36śĒ&ó¯Ɵ ¿|Jd{ā 5Fabp2 %Jd{ā 
ŷě½ƕÙ%gt=l{Ɨ­8$Ŏ 
zSry: 5’-TATGGTGTGGTCCCGTGGT-3’ 
     5’-CCAGCTGCTTGCTGATCTCT-3’ 
zHprt: 5’-AAAGCCTAAGATGAGCGCAAG-3’ 
     5’-CAGATGGCCACAGGACTAGAA-3’ 
zFabp2: 5’-TGGACAGGACTGGACCTCTGCTTTCCTAGA-3’ 
        5’-TAGAGCTTTGCCACATCACAGGTCATTCAG-3’ 
 
RNA%$ 
ISOGEN IIƁŲ (]VkyM{y) 8ĿMEF3Z{Sv RNA8
û« ±$ÏÂƅĂ%ď RNA-SeqŻđ8ŴƯ27ư CLC 
Genomics Workbench a{Msy 10.1.1 (QIAGEN) 8Ŀl>NI_n 
(mm10) $u{[8lVdyGÜƜ¶ƕÙŅļbS{y%ğƍ&
CLC Genomic Workbench8Ŀø¬¬đ (PCA) !c{ZlVg Ŏ
BN2(oNƟ %ƌ©ĸ%ŅļbS{y8þÜ5/$CLC Genomic 
Workbench 8Ŀï36¥u{[8½ƕÙ 1000ÐÎ4%u{[
 21 
ā  (reads per kilobase per million: RPKM)  ŷěŅļÒµƕÙ 
(differentially expressed genes: DEGs) &fold-change 	 2 or  -2  false 
discovery rate (FDR, pƴ0.05) 8İ0%8Ɣ«ƕÙByZxM{Żđ
&Byt=y% ToppGene (http://toppgene.cchmc.org) 8ĿŴ,
cNZyƫ% Encyclopedia of DNA Elements (ENCODE) Żđ8Enrichr 
(http://amp.pharm.mssm.edu/Enrichr)  Ŵ 
 
2XI!
" PCR 
ŸƑ¢%gxZJ{v$îISOGEN II (Nippon Gene) 8ĿZ{Sv
RNA8û«ReverTraAce (Toyobo) 8ĿZ{Sv RNA 3 cDNA 8¾
øėņƕÙ%Ņļwhv8SYBR Green PCR Master Mix2( Thermal 
Cycler Diceu;vS=nLNXn (TaKaRa Bio Inc.) 8ĿÜƜÜƜŻ
đ& ΔΔCt Ĥ ŴKygvƟ$5 mRNA %ŅļƜ%ŷě&`>NE
{dyGƕÙ Gapdh%ŅļƜ ŷěgt=l{Ɨ­&Table 1$Ŏ 
 
KDM5D$ 
KDM5D_VFT>yĿ% siRNA!JyZx{v_VFT>yĿ% siLuc
&Santa Cruz Biotechnology (SmcY siRNA (m), sc-153625) 3Ɗ¤MEF
) 20 µmol/L% siRNA8Neon transfection system (Invitrogen) 8Ŀ@wFZ
xk{w{Lsy ä¤ 
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$#$
MEF8 PBS ĦĨaVe:{ [20 mM Tris-HCl, 150 mM NaCl, 1 mM 
EDTA, 1% NP-40, 0.5% YBELJ{vƚ\Zu>n, 0.1% [YLvŋƚ\Z
u>n, 1x jNe:S{Qơß²CFXv (Nacalai Tesque), 1x gxX;{Qơ
ß²CFXv (Nacalai Tesque)]  ıŻBioruptor UCD-250 (Cosmobio)  Ƌ
ƦĥªĽíġ~ 30 ¬ƥŢ5! SybFƉ8û«14,000 
rpm, 4 10 ¬ƟƓñíBio-Rad protein assay dye reagent concentrate 
(Bio-Rad) 8ĿftV[eA{[;VP= SybFĳê8įÜĳê
8ƄŸSybFû«ĸ8100 mM DTT8Á. Laemmli KygvaVe:
{!ī¾99 5¬ƟÒó 
Kygv8 15%% SDS-PAGE ¬ƤImmobilon-P oyfwy (Millipore) 
$ƌ©oyfwy&Bullet Blocking One for WB (Nacalai Tesque) 8Ŀ
ÞĮ 5¬ƟfxVEyG%í|Ěú8´
4 |ĉú¹
ú»òĚ$ÞĮ  45 ¬Ɵ HRP ś¾Ěú »ò
Luminata Forte Western HRP substrate (Millipore) !SuperSignal West Femto 
maximum sensitivity substrate (Thermo Fisher Scientific)  HRP 8¶ÛŅ£
XŠe<vn (Fujifilm)  ĕ«  
 
OU(F
Ýƭ$24ï36Y{S%Ŝż¬đ&Prism7 (GraphPad Software) ,& 
Microsoft Excel 2016 for Mac (Microsoft) 8ĿŴNUr{YyZ tĕÜ$
24ċöæĕÜ8ŴƱpƴ0.05, **pƴ0.01, ***pƴ0.0001 8ċö!-#
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YN@Z 
MEF5+B2 
BN2(oNŀĐ%MEF$5ƕÙŅļ8ğƍ5/$ÖØ 14
ąŇ% C57BL/6 l>N3MEF8ĘŒ (Fig. 1A)MEF%ó¯&YēŰ
$ÚÉ5 Sry ƕÙ! X ēŰ$ÚÉ5 Hprt ƕÙ8®¯Ďă!
I_n8ƝË$ PCR$24ŌƂ (28)SrykMX<f#Śũ (BN) !^
DX<f#Śũ (oN)  2%Gv{g$¬ (Fig. 1B)Åƪ$
BN& YēŰ! XēŰ8Ʋü%$âoN& 2% XēŰ
8ü PCR  ¬Ƴ%Gv{g$Sry ! Hprt %I_n
~%Jd{ā8u;vS=n PCR  ĕŽ%śĒSry &BN %-
ĕ«6 (Fig. 1C)Hprt&BN!ğƍoN ŗ 2$#(Fig. 1D) 
 
G> MEF $!%T? 
ĚL{F@yK{8Ŀ3 ÇŝBN2(oNŀĐ MEF %
ZtyNFugZ{n8Żđ (Fig. 2A)ï36MEF% RNA-SeqY{S
8¥Ŀø¬¬đ5!BN!oN FtNSuyG&6# 
(Fig. 2B, 2C)Ě$CLC Genomic Workbench 8Ŀó¯Ɵ ŅļÒµ
ƕÙ8¿Ü (fold change 2 or  -2 with a false discovery rate (FDR) pƴ
0.05)%śĒoN!ğƍXēŰ2( YēŰ%ƕÙ8Á.
34ƕÙ (Ñ´: 27, ĭå: 7) %ŅļBN Ò¶ (Fig. 2D)ůÃĪ
!$34ƕÙ% 28ƕÙ (Ñ´: 23, ĭå: 5) &çēŰƕÙ 
4ó¯$2ŅļŃ#5!ŎÆ6 
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HE0-W&1$!$T? 
BN$Ñ´ 27%ƕÙ$ToppGene (29)  ƕÙBy
ZxM{Żđ8ŴMolecular functionBiological processReactome pathway
$~ 10ƨŇ8Ŏ (Fig. 2E)½ƨŇ$&cNZy%ūoUv¶
$ý364%$&BNĹŃņ$Ņļ5cNZyūoUv
¶ƙŘ 5Kdm5d 1 Uty Á,663%!3BN$
5cNZy%ūoUv¶óĹŃņ#ƕÙŅļ°ð$Ơƒ5¼ŪóŎ
Æ6 
 
G> MEF		 KDM5D	 H3K4 R". 
BNŀĐ% MEF$cNZyƫ!ŅļÒµƕÙ%Ơ8Ƅ*5
/$ENCODE Żđ%Y{Sh{N!Ķ¾ (30)%śĒ34 %¨
15 %ŅļÒµƕÙ cNZy H3 % 4 łŇ%uMy%ZuoUv¶ 
(H3K4me3) 2(p_oUv¶ (H3K4me1) $2Ņļ°ð6ï5!
ŎÆ6 (Fig. 3A)Ě$BN2(oNŀĐMEF% H3K4oUv¶wh
v8ğƍ5/anti-H3K4me1 úanti-H3K4me2 ú! anti-H3K4me3 ú
8Ŀ>@NSyfxVX<yG8Ŵ%śĒoN!ğƍB
N & H3K4me1! H3K4me3!ć3$#(Fig. 3B) 
6, $KDM5D&Åƪ$ YēŰ~$ÚÉH3K4me3!
H3K4me2%ūoUv¶8ƕÙŅļ8ƈ$°ð5!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
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Table 1. The primer sequences used in qPCR. 
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